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8ABSTRACT
BACKGROUND:
Acute appendicitis is one of the most common surgical emergencies
worldwide, the diagnosis of which is still a challenging job for the surgeon. Both
delayed diagnosis resulting in perforation (20%) and negative appendectomy (2-
30%) have their own complications. Hence there is need for an accurate
preoperative diagnosis. Even though CT has a high sensitivity and specificity in
diagnosing appendicitis, the cost, availability and time delay become its
limitations. Several scoring systems using clinical, laboratory data have been
designed to diagnose acute appendicitis.
An ideal scoring system would increase the accuracy of decision making
and at the same time reduces the need of potentially harmful and expensive
imaging. The scoring system must recognize patients in need of urgent surgery
without delay and on the other hand, must avoid the unnecessary risks and cost
of negative appendectomy. More than 10 such systems have been developed since
the beginning of 1980s. In our study we consider 4 such scoring systems. The aim
of our study is to assess and compare the diagnostic accuracy of these scoring
systems on South Indian population and to study their role in diagnosing a case
of acute appendicitis.
9AIMS & OBJECTIVES:
1. To assess the diagnostic value of different scoring systems in acute
appendicitis and their role in improving accuracy.
2. To identify the most reliable scoring system for South Indian population.
METHODOLOGY:
This is a prospective and observational study. Patients admitted in Rajiv
Gandhi Government General Hospital with the right iliac fossa pain suspicious of
acute appendicitis are included in the study. Detailed clinical history is taken and
physical examination is done for each patient. All patients underwent laboratory
investigations such as complete blood count, blood urea, serum creatinine and
electrolytes, urine routine, C-reactive protein and imaging tests like Chest X ray,
Abdomen X ray erect, Ultrasound abdomen and pelvis. Using the above data, the
probability of acute appendicitis is calculated using the Alvarado, Tzanaki,
RIPASA and AIR scores.
Patients will be taken up for emergency/elective appendicectomy based
on the surgeon’s clinical judgement. The intraoperative findings will be noted.
Intraoperatively normal appearing appendix and presence of other diagnosis will
be excluded from the study. Following surgery, the histopathological reports of
the patients will be collected. The various preoperative scores and the HPE
reports will be correlated to calculate the Sensitivity, Specificity, PPV, NPV,
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diagnostic accuracy and negative appendicectomy rates. This will prove the
validity of scoring systems in the diagnosis of acute appendicitis and provides
the most reliable system applicable in South Indian population.
RESULTS:
The following results are obtained.
1. Out of 100 patients, majority belong to the age group 20 – 30 years with a
female sex predominance.
2. Majority of the patients in the study have Alvarado scores of 7 and above,
Tzanaki scores of 10 and above, RIPASA scores of 8.5 and above and AIR
scores of 9 and above.
3. Sensitivity and Specificity of various scores are as follows:
SCORE SENSITIVITY SPECIFICITY
ALVARADO 84.61 % 82.35 %
TZANAKI 100 % 23.5 %
RIPASA 97.5 % 64.7 %
AIR 87.9 % 82.35 %
4. Positive and Negative predictive value of various scores are as follows:
SCORE PPV NPV
ALVARADO 96.25 % 70 %
TZANAKI 86.45 % 100 %
RIPASA 93.1 % 84.6 %
AIR 96.05 % 58.33 %
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5. In 17 patients, appendix is not inflamed intraoperatively and among these
only 4 have no histopathological evidence of inflammation.
CONCLUSION:
1. From the study on validation of diagnostic accuracy of scoring systems for
acute appendicitis, the scoring system which has high positive predictive
value and high negative predictive value is considered best to diagnose as
well as to rule out acute appendicitis based on the clinical scoring system.
2. It is the Alvarado score which is still considered best in terms of statistical
equivalents and it is better than Appendicitis Inflammatory Response Score.
3. Tzanaki Score is the most easy to use score in emergency situations and low
scores almost excludes acute appendicitis.
KEYWORDS:
Acute appendicitis, Alvarado score, Tzanaki score, RIPASA score, AIR score.
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INTRODUCTION
Appendix, also known as Vermiform Appendix, is considered as a vestigial
organ in humans as it does not serve any purpose in our physiological life.
However, its importance in surgery comes from its propensity to get inflamed as
a result of infection and presents with a clinical entity termed “Acute
Appendicitis”.  Acute Appendicitis is considered as the acute inflammation of the
appendix resulting from common pathophysiology, due to obstruction of the
lumen.  It presents with severe abdominal pain ranging from localized to
generalized peritonitis depending on the severity of the disease.
Acute appendicitis is the most common acute abdominal emergency all
over the world and accounts for more than 1% of all the surgical procedures.  It
is responsible for more than 3,00,000 hospitalizations in a year in United States.
The average human life time incidence of acute appendicitis ranges from 6% to
7%. Appendicitis has a peak incidence between the ages 10 and 30 years, however
it is also seen in  elderly.  Although it is very rare in infants, it is commonly seen
in children as a result of obstruction of the lumen by submucosal lymphoid tissue
hyperplasia.  This condition is more common in males compared to females below
the age of 30 years, with a ratio of 3:2 and the ratio tends to become equal
thereafter.
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The appendicitis is more common in the western countries than in
underdeveloped or developing countries because of low-fiber, high fat diet which
is thought to be responsible in most of the situations. The average life time
incidence in males is around 8.6% and in females is about 7.2%.  The diagnosis
of acute appendicitis has been purely clinical in the last two decades.  However
with the advent of imaging investigations like Ultrasonography and Computed
Tomography, the sensitivity in diagnosing acute appendicitis has increased
remarkably.
The diagnosis of acute appendicitis usually revolves around the classic
shifting of pain from umbilicus to right lower quadrant, more specifically at the
McBurney’s point when the appendix is normal in position and is also associated
with symptoms like nausea and anorexia.  The classic pattern of the disease is
abdominal pain followed by anorexia and nausea.  If there is anything atypical
about these symptom patterns, the diagnosis of appendicitis must be questioned.
During the previous era, the diagnosis was made on clinical grounds and patients
were taken for emergency surgeries in an attempt to reduce the morbidity and
mortality associated with the complicated appendicitis.
Due to routine emergency laparotomy for acute appendicitis on clinical
grounds, the rate of negative laparotomy and negative appendicectomy has
increased a lot.  From several studies, the rate of negative appendicectomy ranges
from 15% to 30%. In a Swedish study, the rate is around 15% and its only 13%
in a North American study.  In an attempt to reduce the negative
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appendicectomies, the imaging investigation came into act, but even then the rate
is not that much controlled.
There are several scoring systems available for diagnosing acute
appendicitis.  However, the best scoring system for acute appendicitis till date is
Alvarado scoring system which incorporates clinical symptoms, signs and
laboratory investigation values and offers a decisive approach for the
management of the condition.  In this study paper, we are validating the diagnostic
accuracy of various scoring systems of proven value and comparing the four most
important and useful, easy to measure, scoring systems, i.e., Alvarado,Tzanaki
score, RIPASA score and AIR scores.
Patients suspicious of having acute appendicitis will be evaluated and
scored using these scoring systems.  After initial evaluation, the patient is decided
on further management based on the surgeon’s clinical experience alone.  The
surgery is carried out and intraoperative findings are noted and specimen is sent
for histopathological confirmation.  After this, the scoring systems and the
diagnostic accuracies are related and sensitivity, specificity and PPV and NPV of
each scoring system is carried out and final validation of the scoring systems is
done.
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AIM & OBJECTIVES
1. To assess the diagnostic value of different scoring systems in acute
appendicitis and their role in improving accuracy.
2. To identify the most reliable scoring system for South Indian population.
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REVIEW OF LITERATURE
HISTORICAL BACKGROUND:
Vermiform Appendix a.k.a Appendix was brought into limelight in the
anatomical drawings by Leonardo da Vinci in the 14th Century, but was not
published until Eighteenth century.  However, in the 15th Century, Appendix was
seen in the anatomical sections and drawings and mentioned as an organ by
Andreus Vesalius.  The real scenario of inflammation in an appendix was
discovered and published by Jean Fernel in the year 1544, wherein he treated a 7
year old girl with quince for diarrhea.  Later the girl died, her autopsy  revealed
quince obstructing the lumen of appendix that had caused necrosis and perforation
of the appendix. Lorenz Heister has given the first description of classic
appendicitis in the year 1711.
Till 17th century, the appendix was considered a vestigial organ,  but it had
gained its surgical importance when Claudius Amyand found a perforated
appendix due to ingestion of a safety pin by 11 year old boy, who presented with
Obstructed Inguinal hernia.  Amyand operated on Obstructed Inguinal hernia and
found Appendix perforated by pin as a content in the sac.  He performed
appendicectomy through the sac and closed the sac, but the child died because of
toxemia and that’s why, appendix in hernia is considered Amyand’s Hernia.
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For more than a Century, the common causes of right lower quadrant pain
was considered typhilitis and amoebic dysentery and paratyphilitis and was
treated medically.  Later, the classic description of the patterns and clinical
spectrum of the inflammation of the appendix was given by Reginald Fitz in the
year 1886 who coined the term ‘Appendicitis’.  Though the first appendicectomy
was done by Claudius Amyand, it was Lawson Tait who performed the first
emergency open Appendicectomy through an abdominal incision in the year
1880.
Another valuable contribution to the history of Appendicitis, was when
Charles McBurney advocated a muscle splitting approach and an incision in the
surgical management of appendicitis and it was named McBurney-McArthur
incision.  He also described a point for eliciting maximal tenderness in a patient
with appendicitis and it was named after him, i.e., McBurney’s point which is
located two thirds in the line from Umbilicus to Anterior superior iliac spine.
In the 20th century, there had been an increasing tendency to do
laparotomies for appendicitis in an attempt to reduce the complications and also
the morbidities associated with it.  But even then, the rate of perforated
appendicitis had not decreased and so was morbidity associated with it.  There
were several studies done to validate the emergency intervention procedures and
most of the studies threw light to the increasing rate of negative appendicectomies
which was 15% to 30%.
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Therefore, in the recent past, there is increasing trend in the conservative
management. With the advent of laparoscopy, the first laparoscopic
appendectomy was done by a gynaecologist Kurt Semm,  in the year 1983.
EMBRYOLOGY:
In the sixth week of human embryonic development, the appendix and
cecum appear as outpouchings from the caudal limb of the midgut. The
appendiceal outpouching, initially noted in the eighth week, begins to elongate at
about the fifth month to achieve a vermiform appearance. The appendix maintains
its position at the tip of the cecum throughout development. The subsequent
unequal growth of the lateral wall of the cecum causes the appendix to find its
adult position on the posterior medial wall, just below the ileocecal valve.
Fig 1. A. after 270 rotation B. at birth
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The base of the appendix can be located by following the longitudinally
oriented taeniae coli to their confluence on the cecum. The tip of the appendix
can be located anywhere in the right lower quadrant of the abdomen, pelvis, or
retroperitoneum.
In patients with midgut malrotation and situs inversus, the cecum (and thus
the appendix) will not reside in the usual right lower quadrant location. With
midgut malrotation, the midgut (small bowel and proximal colon) incompletely
rotates or fails to rotate around the axis of the superior mesenteric artery during
fetal development. In this situation, the appendix will remain in the left upper
quadrant of the abdomen. Situs inversus is a rare autosomal recessive congenital
defect characterized by the transposition of abdominal and/or thoracic organs. In
this situation, the appendix is found in the left lower quadrant of the abdomen.
ANATOMY:
Vermiform appendix is considered a vestigial organ in humans and certain
mammals.  It is a blind ending muscular tube with mucosal, submucosal and
serosal layers.  At birth, the appendix is short and blind ending in relation to the
cecum, but as the age progresses the differential growth of the cecum occurs
leading on to a blind ending tubular structure at about the age of 2 years.
The average length of the vermiform appendix in adults is around 6 to 9
cm but it varies from a length of less than 1 cm to more than 30 cm.  The outer
diameter of the appendix ranges from 6mm to 8 mm and the inner luminal
diameter ranges from 1mm to 4mm in most instances.  The world’s longest
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appendix was seen in koala bear, but in humans it is about 27 cm seen in Zagreb
who is from Brazil.  The lumen of the appendix opens into the Cecum which is
guarded by the valve of Gerlach.
There are various positions of the appendix depending on the degree of the
embryological rotation of the midgut and also the growth the cecum.  In more
than half of the patients, the appendix lies retrocecal, i.e., intraperitoneal.  But in
one fourth of the patients, the appendix rotation is not complete, hence it is seen
in pelvic and pre and post ileal positions.  In certain malrotation cases, it is
situated subhepatically or even in left lower quadrant in severe cases of intestinal
malrotation.  But the base of appendix is found to be constant and it is seen at the
confluence of the three taenia coli of the colon, i.e., cecum which continues over
Fig 2. Normal appendix anatomy
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the appendix to form the longitudinal muscular coat of the appendix.  The
convergence of the taenia coli is considered as a constant anatomical landmark
for the identification of base of the appendix in difficult cases by the operating
surgeon.  The operating surgeon lifts the anterior taenia of the cecum which helps
in reaching the base of the appendix.
Regarding the blood supply of the appendix, the vermiform appendix
derives its arterial blood supply through the appendicular artery, which is a branch
of the Ileocolic artery, last branch of the superior mesenteric artery.  Appendicular
artery is an end artery, hence during severe infection, the artery becomes
thrombosed and hence there will be localized infarcts in the appendix leading to
a condition termed Gangrenous Appendicitis.  The appendicular artery reaches
the appendix by passing behind the terminal part of ileum and running through
Fig 3. Various positions of appendix
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the lower border of mesoappendix and from which branches reach the wall of the
appendix.  In children and in thin individuals, where the mesoappendix is thin and
devoid of fat, the vasculature anatomy is well seen and easily ligated without
injuring the vessels.  The venous system follows the arterial system and drains
into Superior mesenteric vein.  There are four course of lymphatics and drains
into mesenteric nodes.
Innervation of the appendix is contributed by both the sympathetic and
parasympathetic system.  The sympathetic system is from the T10 to L1 segments
and the parasympathetic system occurs via Vagus nerve.  These innervates only
the appendix and the visceral peritoneum of the appendix and not the parietal
peritoneum.
Fig 4. Blood supply of appendix
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MICROSCOPIC ANATOMY:
The histologic anatomy of the appendix has four layers, the mucosa,
submucosa, the muscularis propria and the serosa.  The mucosa is similar to
colonic epithelium, containing columnar epithelium, the neuroendocrine cells and
the mucin producing goblet cells lining the tubular structure.  The crypts are
usually irregular and variably sized as against the colonic crypts.  The submucosa
contains the lymphoid tissue aggregates which lies beneath the crypts and form
the rich network of lymphatic capillaries.  Then the muscular layer and the serosal
layer which is nothing but the visceral peritoneum covering the appendix.
Special cell types like schwann cells, nerve fibres, neuroendocrine cells are
positioned just beneath the crypts.  The special neuroendocrine cells which are
seen in the appendix are Argentaffin cells or Kulchitsky cells, which is the
common site for the development of carcinoids as far as midgut is concerned.
Fig 5. Histopathology of appendix
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PHYSIOLOGY:
So far in the previous era, the vermiform appendix was considered a
vestigial organ, but now in the recent studies, it is found to have an immunological
value by secreting immunoglobulins, particulary IgA which confers intestinal
immunity.  There is also a recent evidence validating that appendix serves as an
organ, which helps in the colonization of the colon with bacteria. There is an
inverse association seen with the appendicectomy and the clostridium difficle
infections.  But in the recent past, the association is proven wrong.
There is also an inverse association seen with the appendectomy and the
incidence of ulcerative colitis, proving appendectomy has a protective effect in
the ulcerative colitis, but this holds true for appendicectomies done before 20
years.
There is also an inverse association seen with the appendectomy and the
crohn’s disease, but later this is found wrong as Crohn’s is misdiagnosed as
appendicitis at an earlier stage.
ACUTE APPENDICITIS
BACKGROUND:
Acute appendicitis is the most common acute abdominal emergency all
over the world and accounts for more than 1% of all the surgical procedures.  It
is responsible for more than 3,00,000 hospitalizations in an year in United States.
The average human life time incidence of acute appendicitis ranges from 6% to
26
7% during his life time.  Appendicitis has a peak incidence between the ages 10
and 30 years, however it is also seen in elderly.  Although it is very rare in infants,
it is commonly seen in children as a result of obstruction of the lumen by
submucosal lymphoid tissue hyperplasia.  This condition is more common in
males compared to females below the age of 30 years, in a ratio of 3:2 and the
ratio tends to become equal thereafter.
ETIOLOGY:
As the incidence of acute appendicitis is on the rise, the cause for
appendicitis is more related to the dietary styles.  People who have low dietary
fiber and high fat diet are more prone to develop acute appendicitis.  People from
developing countries have increased incidence of acute appendicitis owing to
their western dietary lifestyle, yet not comparable to the recent decrease in the
incidence of acute appendicitis in the western population for reasons unknown.
Acute appendicitis is result of the inflammation of the appendix associated
with bacterial infection.  The bacterial infection is usually polymicrobial and the
flora is similar to that of the colon, as the bacteria traverses from the cecum into
the lumen of appendix.
The most important etiological factor responsible for the cause of acute
appendicitis is the luminal obstruction due to several causes like lymphoidal
tissue hyperplasia, stricture, fibrosis, fecolith or appendicolith, tumors, organisms
or parasites like ascarids or enterobius vermicularis.  There has been increasing
evidence which supports elective or prophylactic appendicectomy in cases where
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fecolith is visualized in imaging investigations.  The stricture or fibrosis is usually
as the result of previously medically managed case of appendicitis.  The fecolith
or appendicolith is usually formed as a result of feces that gets plugged into the
lumen of the appendix through way of valve of Gerlach.  Lymphoidal hyperplasia
occurs in children where increasing use of vaccines and gastrointestinal infections
are more common.
Fecoliths and calculi are constant findings in patients presenting with acute
appendicitis.  In a study, about 40% of the patients with simple appendicitis and
about 65% of the patients with gangrenous appendicitis without perforation had
fecoliths or calculi intraoperatively.  These are seen in about 90% of the patients
who presents with appendicular perforation.
MICROBIOLOGY:
The microbiological aspirates from patients with acute appendicitis are
found to be polymicrobial and not due to single organism.  However, the flora of
the luminal appendix and the cecum are found to be same, the most common
organisms that are grown in the cultures are Escherichia coli, Bacteroides species,
Enterococci, Pseudomonas and others.  The aspirates from the inflamed appendix
and non inflamed appendix are not the same.  62% of the patients have
Fusobacterium species grown if the appendix is inflamed which is not usually
seen in non inflamed appendix.  Bacteroides is seen to be more in number when
the appendix has perforated.  Escherichia coli is seen in more numbers in patients
with inflamed appendix. The common organisms are shown in the table
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TYPE OF BACTERIA PATIENTS (%)
ANAEROBIC
Bacteroides fragilis
Other Bacteroides sp
Bilophilia wadsworthia
Peptostreptococcus
80%
61%
55%
46%
AEROBIC
Escherichia coli
Streptococcus viridans
Group D Streptococcus
Pseudomonas sp.
77%
43%
27%
18%
PATHOPHYSIOLOGY OF ACUTE APPENDICITIS:
The most common theory accepted in the pathophysiology of appendicitis
is the Obstructive theory. Luminal obstruction by any means like lymphoid
follicle hyperplasia, neoplasm, stricture, fecoliths cause accumulation of mucus
secretions inside the appendix.  The bacteria which are virulent, can convert the
mucus into pus.  Owing to the inelastic nature of the serosa and also because of
increased mucus secretion and collection, the pressure increases and cause
obstruction of the lymphatics and edema ensues. Then bacterial translocation
occurs from mucosa to submucosa and form mucosal ulcers.  Till this stage, the
appendicitis can be reverted back with antibiotics and this stretching stimulates
the visceral afferents leading to pain in the periumbilical region because of T10
segmental innervation.
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Because of increased pressure inside the lumen associated with secretions
and edema, the venules and capillaries are occluded with arterial inflow leading
onto congestion of the appendix and ischemia ensues.  There will be ischemic
necrosis of the muscularis propria and bacteria traverses muscularis propria and
elicits inflammatory reaction leading on to acute suppurative appendicitis.  This
will irritate the adjacent parietal peritoneum, leading onto classic shift of pain
from periumbilical region to Right iliac fossa region.  Because of increased
pressure, there is reflex pylorospasm, nausea and anorexia.  Vomiting is rare,
though if it occurs, is for only two episodes.
After sometime, the arterial inflow vessels also will be thrombosed leading
onto ellipsoidal infarcts in the wall of the appendix, leading onto acute
gangrenous appendicitis.  Once the gangrenous wall sloughs off, it leads to
perforation and extrusion of pus into the peritoneal cavity and forms paracecal
abscess and localized peritonitis.  The greater omentum reaches the site of
inflammation and limits the peritonitis, thereby containing the infection.
Once the appendix ruptures, all the virulent bacteria are exposed into the
peritoneum thereby eliciting severe peritoneal inflammation and leading to
diffuse abdominal pain.  But if it is localized by greater omentum, it forms a mass
which takes 2 to 3 days to form.  So, appendicular mass occurs in a patient whose
appendix has perforated and limited by greater omentum, terminal ileum and
some ileal loops and periappendiceal inflammatory tissue altogether forming a
mass, which is seen in 2 to 3 days old perforation.
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PATHOGENESIS OF ACUTE APPENDICITIS
Proximal obstruction by
Fecolith/calculi or Hypertrophy
of lymphoid tissue
Vague, dull, diffuse pain
around periumbilical region
Closed loop obstruction –
DISTENSION by rapidly
secreting appendiceal mucosa
Rapid multiplication of bacteria
Increased intraluminal
pressure, venous pressure is
exceeded – Capillaries and
venules occluded
Inflammation involves the
serosa and parietal peritoneum
Reflex nausea and vomiting
Shift of pain from
Periumbilical region to RIF
Ellipsoidal infarcts in
antimesenteric border
Compromise in blood supply,
bacterial invasion
Perforation
31
If the perforation is limited by greater omentum and a mass is formed, the
virulent bacteria converts the secretions into pus and thereby forming an abscess.
Patient will be in toxic state, high fever and increasing size in the mass and pain
which is not relieved by medications.  The pus should be drained inevitably to
save the life of the patient, but it can be done percutaneously or emergency
exploratory procedure.
RISK FACTORS FOR APPENDICULAR PERFORATION
1.Extremes of age
2. Immunosuppression
3.Diabetes mellitus
4.Previous surgeries in the abdomen
5.Pelvic location of appendix
6.Fecolith obstruction
CLINICAL PRESENTATION:
HISTORY:
Patient usually presents with periumbilical pain to the hospital in early
stages.  The periumbilical pain is due to the irritation of the visceral afferents
owing to the distension of the appendix and obstruction of lymphatics.  The pain
is usually intermittent and colicky in nature.  It is similar to that seen in intestinal
obstruction.  This pain is associated with nausea and anorexia.  Anorexia is the
constant and classic symptom that is seen most commonly in children age groups.
Vomiting is unusual and if it occurs, it is limited to one or two episodes.  Vomiting
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occurring for more than 3 episodes, the diagnosis of appendicitis is highly
unlikely.
The classic pain of appendicitis is a diffuse, centrally located, minimally
severe colicky pain that is situated around the umbilicus that is due to visceral
afferents which is followed by somatic pain which is more often localized.  The
visceral pain is due to the stretch of the appendiceal visceral peritoneum.  Once
the inflammation sets in and the parietal peritoneum is irritated, the pain becomes
localized and constant.  This classic visceral-somatic sequence is responsible for
the classic migration of pain from the periumbilical region to the right lower
quadrant region and is diagnostic of appendicitis, although it is seen in only 45%
of the individuals.  The migration of pain usually occurs in about 8 hours
following the onset of periumbilical pain and not more than 24 hours.  The pain
is usually less than 24 hours in about 75% of patients at the time of presentation.
When the gastrointestinal symptoms occur before the onset of pain, the
diagnosis of appendicitis should be questioned.  Anorexia and nausea are seen in
almost all cases, but vomiting occurs in only 50% of the patients.  Vomiting even
if it occurs, it lasts only 2 episodes.  Vomiting is not considered a criterion for the
diagnosis or exclusion of appendicitis.
These symptoms are seen in patients with typical location of appendix.
Depending on the location of the appendix, the symptoms vary.  Supposing in a
case of retrocecal appendix, the classic migration of pain is not seen, whereas the
pain is more constant and localized in the right lower quadrant and lumbar region
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from the beginning of presentation.  Such patients never complain of rigidity.  In
case of pelvic located appendix, the abdominal symptoms are rare, whereas the
common presentation are diarrhea and tenesmus.  Because of the pelvic location,
the appendix inflammation causes collection in the pelvis and irritates the rectum
leading to tenesmus and diarrhea and it also irritates the bladder, causing
difficulty and pain during micturition and occasionally hematuria.  Hence,
hematuria does not exclude the diagnosis of appendicitis.
Perforation is more common in children and elderly because of thin
omentum that is not able to limit the infection, hence diffuse peritonitis results.
Patients usually present with mild elevation of temperature and not more than
37.7 C.  In the early 6 hours, there is no marked change in the temperature and
pulse rate.  In 20% of the individuals, there is no change in the temperature.  In
some patients, there is mild pyrexia with corresponding increase in pulse rate.
In certain patients, there is obstipation prior to the onset of abdominal pain
and there is relief of pain following defecation.  Diarrhoea may occur in
association with perforation, especially in children.
PHYSICAL EXAMINATION:
General examination of the patient reveals elevated temperature in
about 50% of the patients and the fever is not spiking.  Patients with high fever >
38 C should be diagnosed less likely with appendicitis, as there are other
diagnosis which has high fever in children.  Patient with appendicitis develops
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high spiking fever should be thought in terms of evolving abscess and diffuse
peritonitis.
Pulse rate is initially normal during the first 6 hours.  Later, there is
corresponding increase in pulse rate with the increasing temperature.  Patients are
observed with pulse rate following admission on conservative management.  In
view of increasing pulse rate and fever, patient should be taken for emergency
surgery.
Abdominal examination reveals a classic right lower quadrant pain and
tenderness on palpation.  The point of maximal tenderness is noted and it is called
McBurney’s point tenderness.  McBurney’s point is located about two thirds along
a line drawn from umbilicus to anterior superior iliac spine.  Patient have classic
Mcburney point tenderness if the appendix is located normally.  This is the most
sensitive indicator for the diagnosis of appendicitis.  Patient develops pain on
deep palpation and has rebound tenderness once the pressure is withdrawn, this
is more suggestive of acute appendicitis.  This is called Rebound test or
Blumberg’s release test or sign.
When the parietal peritoneum gets irritated, the pain becomes more
localized and patient feels pain in the right lower quadrant and more specifically
at the Mcburney’s point.  Because of constant irritation of the peritoneum during
respiratory movements, patient will try to remain still on the bed.  Any act of
coughing will cause pain in the Right lower quadrant (Dunphy’s sign).  Similarly,
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when pressing the left lower quadrant, it will displace the bowel to the right side
thereby irritating the parietal peritoneum because of the associated movement of
the appendix, eliciting right lower quadrant pain (Rovsing’s sign).
The above tests are for a normal free lying appendix. Suppose when the
appendix is retrocecal in position, which is the most common position, the parietal
peritoneum is less likely to be in contact with the appendix, hence patient
experiences dull aching pain around the umbilical region and pain in the right
lumbar region and back. Normal palpation of the right lower quadrant will not
reach the inflamed appendix as the distended cecum prevents pressure reaching
the appendix. Only on deep palpation, tenderness is elicited. The obturator sign
(right lower quadrant pain on internal rotation of the hip), and the psoas sign (pain
with extension of the ipsilateral hip) are seen in patients with retrocecal
appendicitis.
Fig 6. Mcburney’s point
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Pelvic appendicitis presents variably without any abdominal pain and
patients has tenesmus and diarrhea for long time before being diagnosed with
appendicitis.  In such cases, Per rectal examination elicits pain in the right anterior
wall of the rectum that reflects pelvic inflammatory pathology.  Per vaginal
examination in females also reveals cervix motion tenderness that indirectly
reflects pelvic inflammatory disease, also it is seen in patients with pelvic
appendicitis.
SPECIAL FEATURES, ACCORDING TO AGE
INFANTS
Appendicitis, although rare in infants under 36 months of age & the child
is unable to give a history for obvious reasons. Hence, the diagnosis is often
delayed leading to increase in the incidence of perforation and considerable
increase in the postoperative morbidity compared to older children. Generally, in
infants and children the greater omentum is not that much developed, hence it
cannot localize the infection. So infants with appendicitis develop diffuse
peritonitis in the early stages which is unable to give much assistance in localising
the infection.
CHILDREN
It is rare to find a child with appendicitis who has not vomited. Children
with appendicitis usually have complete aversion to food.
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THE ELDERLY
As with children, Gangrene and perforation occur much more frequently in
elderly patients. Generally, patient in the elderly age groups have lax abdominal
walls or be in a state of obesity, leading to atypical clinical features and even
gangrenous appendicitis will not elicit classic clinical signs and instead their
clinical picture may simulate subacute intestinal obstruction. These features,
coupled with coincident medical conditions, produce a much higher mortality for
acute appendicitis in the elderly.
THE OBESE
Obesity can obscure and diminish all the local signs of acute appendicitis.
Delay in diagnosis, coupled with the technical difficulty of operating in the obese,
makes it wiser to consider operating through a midline abdominal incision.
Laparoscopy is particularly useful in the obese as it may obviate the need for a
large abdominal incision.
PREGNANCY
Appendicitis is the most common extrauterine acute abdominal condition
in pregnancy, with a frequency of 1:1500–2000 pregnancies.  There is usual delay
in the diagnosis as the symptoms of appendicitis coincide with the normal
symptoms during Pregnancy.  Generally, it was being thought that the appendix
along with colon is displaced much higher during the progression of pregnancy,
and it reaches the site of right upper quadrant during the third trimester.  However,
pain in the right lower quadrant of the abdomen remains the cardinal feature of
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appendicitis in pregnancy. Fetal loss occurs in 3–5 per cent of cases, increasing
to 20 per cent if perforation is found at operation.
DIFFERENTIAL DIAGNOSIS
Although acute appendicitis is the most common emergency surgery in the
abdomen, the diagnosis can be extremely difficult at times. There are a number
of common conditions that it is wise to consider carefully and, if possible,
exclude. The differential diagnosis differs in patients of different ages; in women,
additional differential diagnoses are diseases of the female genital tract.
CHILDREN
The diseases most commonly mistaken for acute appendicitis in this age
group are Acute gastroenteritis and Mesenteric lymphadenitis. In Mesenteric
lymphadenitis, the pain is colicky in nature and there is possible of cervical lymph
nodal enlargement.  It is very difficult clinically distinguish Meckel’s
diverticulitis from acute appendicitis and considered merely impossible.
Meckel’s diverticulitis is not a clinical diagnosis, it should be thought with
suspicion if the children has associated painless rectal bleeding.  The pain is
similar; however, signs may be central or left sided. Occasionally, there is a
history of antecedent abdominal pain or intermittent lower gastrointestinal
bleeding.
It is important to distinguish between acute appendicitis and
intussusception. Appendicitis is uncommon before the age of two years, whereas
the median age for intussusception is 18 months. A mass may be palpable in the
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right lower quadrant, and the preferred treatment of intussusception is reduction
by careful barium enema.  The intussusception can be diagnosed clinically, and
the treatment is non surgical.  Only the 3rd failure of conservative treatment is an
indication for surgical intervention.
Henoch–Schönlein purpura is often preceded by a sore throat or respiratory
infection. Abdominal pain can be severe and can be confused with
intussusception or appendicitis. Patients with Henoch schonlein purpura always
an ecchymotic rash, typically affecting the extensor surfaces of the limbs and on
the buttocks. The face is usually spared.  The platelet count and bleeding time are
within normal limits. Microscopic haematuria is common. Lobar pneumonia and
pleurisy, especially at the right base, may give rise to right-sided abdominal pain
and mimic appendicitis. Abdominal tenderness is minimal, pyrexia is marked,
and chest examination may reveal a pleural friction rub or altered breath sounds
on auscultation. A chest radiograph is often helpful in the diagnosis.
ADULTS
Acute appendicitis is very difficult to differentiate from an acute state of
terminal or regional ileitis unless we could palpate an tender ileal mass. An
antecedent history of abdominal cramping, weight loss and diarrhoea suggests
regional ileitis rather than appendicitis. The ileitis may be non-specific, due to
Crohn’s disease or Yersinia infection.
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Yersinia enterocolitica causes inflammation of the terminal ileum,
appendix and caecum with mesenteric adenopathy. If suspected, serum antibody
titres are diagnostic, and treatment with intravenous tetracycline is appropriate. If
Yersinia infection is suspected at operation, a mesenteric lymph node should be
excised and divided, with half submitted for microbiological culture (including
tuberculosis) and half for histological examination.
Ureteric colic does not commonly cause diagnostic difficulty, as the
character and radiation of pain differs from that of appendicitis. Urinalysis should
always be performed, and the presence of red cells should prompt a supine
abdominal radiograph. Ultrasound KUB or intravenous urogram is diagnostic.
Right-sided acute pyelonephritis is accompanied and often preceded by
increased frequency of micturition. It may cause difficulty in diagnosis, especially
in women. The leading features are tenderness confined to the loin, fever
(temperature 39°C) and possibly rigors and pyuria.
In perforated peptic ulcer, the duodenal contents and associated peritoneal
fluids slowly trickles down along the paracolic gutter to the right iliac fossa. As a
rule, there is a history of dyspepsia and a very sudden onset of pain that starts in
the epigastrium and passes down the right paracolic gutter whereas in acute
appendicitis, the pain starts classically in the umbilical region. Rigidity and
tenderness in the right iliac fossa are present in both conditions but, in perforated
duodenal ulcer, the rigidity is usually greater in the right hypochondrium. An
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erect chest radiograph in PA view will show gas under the diaphragm in 70 per
cent of patients. An abdominal computed tomography (CT) examination is
valuable when there is diagnostic difficulty. This condition is classically termed
Valentino’s appendicitis or Valentino’s sign or Valentino’s syndrome.
Torsion of the testes is very common in a teenage or young adult male and
is commonly missed as the adolescent feels shy about the part being involved in
the cause of pain. However, the pain can be referred to the right iliac fossa, and
may lead the unwary to suspect appendicitis unless the scrotum is examined in all
cases.
Acute pancreatitis should be considered in the differential diagnosis of all
adults suspected of having acute appendicitis and, when appropriate, should be
excluded by serum or urinary amylase measurement.
Rectus sheath haematoma is a relatively rare but easily missed differential
diagnosis unless a history of trauma to anterior abdominal wall is elicited. It
usually presents with acute pain and localised tenderness in the right iliac fossa,
often after an episode of strenuous physical exercise. Localised pain without
gastrointestinal upset is the rule. It is also common in elderly patients who are on
long tern anticoagulants. It may present as a mass and tenderness in the right
iliac fossa after minor trauma. The mass is limited to one half of the abdomen
and does not cross the midline owing to the midline fusion of linea alba not
permiting to cross the other side of the rectus muscle (Fothergill’s sign). Bleeding
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is usually from the inferior epigastric vessels that are running from the external
iliac vessels.
ADULT FEMALE
It is in women of childbearing age that pelvic disease most often mimics
acute appendicitis. A careful gynaecological history should be taken in all women
with suspected appendicitis, concentrating on menstrual cycle, vaginal discharge
and possible pregnancy. The most common diagnostic mimics are pelvic
inflammatory disease (PID), Mittelschmerz, torsion or haemorrhage of an ovarian
cyst and ectopic pregnancy.
PELVIC INFLAMMATORY DISEASE
PID comprises a spectrum of diseases that include salpingitis, endometritis
and tubo-ovarian sepsis. The incidence of these conditions is increasing and the
diagnosis should be considered in every young adult female. Typically, the pain
is lower than in appendicitis and is bilateral. A history of vaginal discharge,
dysmenorrhoea and burning pain on micturition is a helpful differential diagnostic
point. The physical findings include adnexal and cervical tenderness on vaginal
examination. When suspected, a high vaginal swab should be taken for
Chlamydia trachomatis and Neisseria gonorrhoeae culture, and gynaecologist
opinion should be obtained. Treatment is usually a combination of ofloxacin and
metronidazole for 14 days. Transvaginal ultrasound can be particularly helpful in
establishing the diagnosis. When serious diagnostic uncertainty persists,
diagnostic laparoscopy should be undertaken.
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MITTELSCHMERZ
Mid cycle rupture of a follicular cyst with bleeding produces lower
abdominal and pelvic pain, typically midcycle. Systemic upset is rare, a
pregnancy test is negative, and symptoms usually subside within hours.
Occasionally, diagnostic laparoscopy is required. Retrograde menstruation may
cause similar symptoms.
TORSION/HAEMORRHAGE OF AN OVARIAN CYST
This can prove a difficult differential diagnosis. When suspected, pelvic
ultrasound and an opinion of the gynaecologist should be sought. If encountered
at operation in women of childbearing years, untwisting of the involved adnexa
and ovarian cystectomy should be performed, if necessary. Documented
visualization of the contralateral ovary is an essential medicolegal precaution
prior to oophorectomy for any reason.
ECTOPIC PREGNANCY
It is unlikely that a ruptured ectopic pregnancy, with its well defined signs
of hemoperitoneum, will be mistaken for acute appendicitis, but the same cannot
be said for a right-sided tubal abortion, or still more for a right-sided unruptured
tubal pregnancy. In the latter, the signs are very similar to those of acute
appendicitis, except that the pain commences on the right side and stays there.
The pain is severe and continues unabated until operation. Usually, there is a
history of a missed menstrual period, and a urinary pregnancy test may be
positive. Severe pain is felt when the cervix is moved on vaginal examination.
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Signs of intraperitoneal bleeding usually become apparent, and the patient should
be questioned specifically regarding referred pain in the shoulder. Pelvic
ultrasonography should be carried out in all cases in which an ectopic pregnancy
is a possible diagnosis.
ELDERLY
DIVERTICULITIS
In some patients with a long sigmoid loop, the colon lies to the right of the
midline, and it may be impossible to differentiate between diverticulitis and
appendicitis. Abdominal CT scanning is particularly useful in this setting and
should be considered in the management of all patients over the age of 60 years.
A trial of conservative management with intravenous fluids and antibiotics is
often appropriate, with a low threshold for laparoscopy or exploratory laparotomy
in case of deterioration or lack of clinical response. Right-sided diverticulitis is
unusual and may be clinically indistinguishable from appendicitis. Abdominal CT
scanning is particularly useful in making the distinction. As with left-sided
diverticulitis, treatment should be conservative with intravenous antibiotics with
recourse to laparoscopy or laparotomy in case of deterioration.
INTESTINAL OBSTRUCTION
The diagnosis of intestinal obstruction is usually clear; the trick lies in
recognising acute appendicitis as its occasional cause in the elderly. As with
diverticulitis, intravenous fluids, antibiotics and nasogastric decompression
should be instigated, with early resort to laparotomy.
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CARCINOMA OF THE CAECUM
When obstructed or locally perforated, carcinoma of the caecum may
mimic or cause obstructive appendicitis in adults. A history of antecedent
discomfort, altered bowel habit or unexplained anemia should raise suspicion. A
mass may be palpable and an abdominal CT scan diagnostic.
RARE DIFFERENTIAL DIAGNOSES
Preherpetic pain of the right 10th and 11th dorsal nerves is localised over
the same area as that of appendicitis. It does not shift and is associated with
marked hyperaesthesia. There is no intestinal upset or rigidity. The herpetic
eruption may be delayed for 3–8 hours.
Tabetic crises are now rare. Severe abdominal pain and vomiting usher in
the crisis. Other signs of tabes confirm the diagnosis.
Spinal conditions are sometimes associated with acute abdominal pain
especially in children and the elderly. These may include tuberculosis of the
spine, metastatic carcinoma, osteoporotic vertebral collapse and multiple
myeloma. The pain is due to compression of nerve roots and may be aggravated
by movement. There is rigidity of the lumbar spine and intestinal symptoms are
absent.
The abdominal crises of porphyria and diabetes mellitus need to be
remembered. A urinalysis should be undertaken in every abdominal emergency.
In cyclical vomiting of infants or young children, there is a history of previous
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similar attacks and abdominal rigidity is absent. Acetone is found in the urine but
is not diagnostic as it may accompany starvation.
Typhlitis or leukaemic ileocaecal syndrome is a rare but potentially fatal
enterocolitis occurring in immunosuppressed patients. Gram-negative or
clostridial septicaemia (especially Clostridium septicum) can be rapidly
progressive. Treatment is with appropriate antibiotics and haematopoietic factors.
Surgical intervention is rarely indicated.
LABORATORY FINDINGS
Appendicitis is associated with an inflammatory response that is strongly
related to the severity of the disease. Laboratory examinations are therefore an
important part of the diagnosis.
Mild leukocytosis is often present in patients with acute, uncomplicated
appendicitis and is usually accompanied by a polymorphonuclear prominence. It
is unusual for the white blood cell count to be >18,000 cells/mm3 in
uncomplicated appendicitis. Counts above this level raise the possibility of a
perforated appendix with or without an abscess.
An increased C-reactive protein (CRP) concentration is a strong indicator
of appendicitis, especially for complicated appendicitis. White blood cell counts
can be low due to lymphopenia or septic reaction, but in this situation, the
proportion of neutrophils is usually very high. Therefore, all inflammatory
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variables should be viewed together. Appendicitis is very unlikely if the white
blood cell count, proportion of neutrophils, and CRP are all normal.
A leukocytosis, often with a “left shift” (a predominance of neutrophils and
sometimes an increase in bands), is present in 90% of cases. A normal white blood
cell count is found in 10% of cases, however, and it should not be used as an
isolated test to exclude the presence of appendicitis.
The inflammatory response in acute appendicitis is a dynamic process.
Early in the process, the inflammatory response can be weak. CRP elevation, in
particular, can have up to a 12-hour delay. A decreasing inflammatory response
may indicate spontaneous resolution.
Urinalysis can be useful to rule out the urinary tract as the source of
infection. Urinalysis is typically normal as well, although the finding of trace
leukocyte esterase or pyuria is not unusual and is presumably due to the proximity
of the inflamed appendix to the bladder or ureter. If the presentation is strongly
suggestive of appendicitis, a “positive” urinalysis should not be used as an
isolated test to refute the diagnosis. Pregnancy testing is mandatory in women of
child bearing age.
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IMAGING STUDIES
PLAIN RADIOGRAPHS
Plain radiographs are frequently obtained in the emergency department
setting for the evaluation of acute abdominal pain but lack both sensitivity and
specificity for the diagnosis of appendicitis and are rarely helpful. Plain films of
the abdomen can show the presence of a fecolith and fecal loading in the cecum
associated with appendicitis but are rarely helpful in diagnosing acute
appendicitis; however, they may be of benefit in ruling out other pathology.
A chest radiograph is helpful to rule out referred pain from a right lower
lobe pneumonic process. If the appendix fills on barium enema, appendicitis is
unlikely; however, this test is not indicated in the acute setting.
Fig 7. Xray abdomen showing
fecolith
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Technetium-99m–labeled leukocyte scan has been reported for use in
diagnosing appendicitis with good results but has not gained widespread use due
to its relative unavailability and impracticality in daily use.
ULTRASONOGRAPHY
Ultrasonography and computed tomography (CT) scan are the most
commonly used imaging tests in patients with abdominal pain, particularly in
evaluation of possible appendicitis. Multiple meta-analyses have been performed
comparing the two imaging modalities. Overall, CT scan is more sensitive and
specific than ultrasonography in diagnosing appendicitis.
Graded compression ultrasonography is inexpensive, can be performed
rapidly, does not require a contrast medium, and can be used in pregnant patients.
Sonographically, the appendix is identified as a blind-ending, nonperistaltic
bowel loop originating from the cecum. With maximal compression, the diameter
of the appendix is measured in the anterior-posterior direction. Thickening of the
appendiceal wall and the presence of periappendiceal fluid are highly suggestive
of appendicitis. Demonstration of an easily compressible appendix measuring
<5 mm in diameter excludes the diagnosis of appendicitis. The sonographic
diagnosis of acute appendicitis has a reported sensitivity of 55% to 96% and a
specificity of 85% to 98%. Ultrasonography is similarly effective in children and
pregnant women, although its application is limited in late pregnancy.
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COMPUTED TOMOGRAPHY
With high-resolution helical CT, the inflamed appendix appears dilated (>5
mm), and the wall is thickened. There is often evidence of inflammation, which
can include periappendiceal fat stranding, thickened mesoappendix,
periappendiceal phlegmon, and free fluid. Fecoliths can be often visualized;
however, their presence is not pathognomonic of appendicitis. CT scanning is
also an excellent technique for identifying other inflammatory processes
masquerading as appendicitis.
Fig 8. USG showing acute appendicitis, increased blood flow,
ring of fire appearance and target sign
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The diagnosis of appendicitis on CT is based on the appearance of a
thickened, inflamed appendix with surrounding “stranding” indicative of
inflammation. The appendix is typically more than 7 mm in diameter with a
thickened, inflamed wall and mural enhancement or “target sign”.
Periappendiceal fluid or air is also highly suggestive of appendicitis and suggests
perforation. In cases in which the appendix is not visualized, the absence of
inflammatory findings on CT suggests that appendicitis is not present.
Several CT techniques have been used, including focused and nonfocused
CT scans and contrast and noncontrast scans. Surprisingly, all of these techniques
have yielded essentially identical rates of diagnostic accuracy: 92% to 97%
sensitivity, 85% to 94% specificity, 90% to 98% accuracy, 75% to 95% positive
predictive value, and 95% to 99% negative predictive value. The additional use
of rectal contrast does not improve the results of CT scanning.
Fig 9. A. Axial section shows target sign. B. Coronoal section
shows appendicitis with periappendiceal fat stranding
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A number of studies have documented improvement in diagnostic accuracy
with the liberal use of CT scanning in the workup of suspected appendicitis. CT
lowered the rate of negative appendectomies from 19% to 12% in one study and
the incidence of negative appendectomies in women from 24% to 5% in another
study. Use of CT altered the care of 24% of patients studied and provided an
alternative diagnosis in half of the patients with normal appendices on CT scan.
Despite the potential usefulness of CT, there are significant disadvantages.
CT scanning is expensive, exposes the patient to significant radiation, and has
limited use during pregnancy. Allergy to iodine or contrast limits the
administration of contrast agents in some patients, and others cannot tolerate the
oral ingestion of luminal dye. The role of CT scanning in patients who present
with right lower quadrant pain is unclear. One rationale is universal CT scanning.
There is, however, an argument that indiscriminate diagnostic imaging can
increase the detection of clinically nonsignificant appendicitis that would resolve
without treatment. Alternatively, selective CT scanning based on the likelihood
of appendicitis takes advantage of the clinical skills of the surgeon and, when
indicated, adds the expertise of the radiologist.
Despite the increased use of ultrasonography and CT, the rate of
misdiagnosis of appendicitis has remained constant (15%). The percentage of
misdiagnosed cases of appendicitis is significantly higher among women than
men (22% vs. 9.3%). The negative appendectomy rate is highest in women of
reproductive age.
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MAGNETIC RESONANCE IMAGING
MRI is typically reserved for use in the pregnant patient; the study is
performed without contrast agents. If it is obtained in a pregnant woman, the study
should be non contrasted. MRI offers excellent resolution and is accurate in
diagnosing appendicitis.
Criteria for MRI diagnosis include appendiceal enlargement (>7 mm),
thickening (>2 mm), and the presence of inflammation. The sensitivity of MRI is
reported to be 100%, the specificity 98%, the positive predictive value 98%, and
the negative predictive value 100%. MRI is also operator independent and offers
highly reproducible results. Drawbacks associated with the use of MRI include
its higher cost, motion artifact, greater difficulty in interpretation by non
radiologists who may have limited experience with the technology, and limited
availability (especially in the after-hours emergency setting).
CLINICAL SCORING SYSTEMS
The clinical diagnosis of appendicitis is a subjective estimate of the
probability of appendicitis based on multiple variables that individually are weak
discriminators; however, used in conjunction, they possess a high predictive
value. This process can be made more objective by the use of clinical scoring
systems, which are based on variables with proven discriminating power and
assigned a proper weight.
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The Alvarado score is the most widespread scoring system. It is especially
useful for ruling out appendicitis and selecting patients for further diagnostic
workup. The Appendicitis Inflammatory Response Score resembles the Alvarado
score but uses more graded variables and includes CRP. Studies have shown it to
perform better than the Alvarado score in accurately predicting appendicitis.
ALVARADO SCORE
SL.NO PARAMETERS SCORE
1. MIGRATORY RIF PAIN 1
2. ANOREXIA 1
3. NAUSEA AND VOMITING 1
4. RIF TENDERNESS 2
5. REBOUND TENDERNESS 1
6. ELEVATED TEMPERATURE 1
7. LEUCOCYTOSIS 2
8. SHIFT TO LEFT 1
INFERENCE:
1-4: Appendicitis unlikely
5-6: Appendicitis possible
7-8: Appendicitis probable
9-10: Appendicitis very probable
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RIPASA SCORE (2010)
1. PATIENTS SCORE
Female 0.5
Male 1.0
Age < 39.9 years 1.0
Age > 40 years 0.5
2. SYMPTOMS
RIF Pain 0.5
Pain Migration to RIF 0.5
Anorexia 1.0
Nausea & vomiting 1.0
Duration of Symptoms < 48 hours 1.0
Duration of Symptoms > 48hours 0.5
3. SIGNS
RIF Tenderness 1.0
Guarding 2.0
Rebound Tenderness 1.0
Rovsing Sign 2.0
Fever >37 <39’ C 1.0
4. INVESTIGATION
Raised WBC 1.0
Negative Urinalysis 1.0
TOTAL 16.5
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Score < 5 - Unlikely to be acute appendicitis. Repeat it after 2 hours. If scores
decrease, discharge. If it increase, treat according to score level
Score 5 – 7 - Low probability of acute appendicitis. Repeat after 2 hours. Carry
out imaging investigations.
Score 7.5 – 11.5 – High probability of appendicitis. Refer to surgeon and admit
the patient and repeat the score after 2 hours. If it still persist or increase, prepare
the patient for emergency surgery. In females, do imaging investigations to rule
out other pathology
Score > 12 – Definite appendicitis. Need emergency surgery.
TZANAKIS SCORE (2005)
SL.NO PARAMETERS SCORE
1. RIF TENDERNESS 4
2. REBOUND TENDERNESS 3
3. WBC >12,000 2
4. POSITIVE ULTRASOUND FINDING OF
APPENDICITIS
6
TOTAL 15 POINTS.
Presence of 8 points or more, there is 96% more chance of acute appendicitis.
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APPENDICITIS INFLAMMATORY RESPONSE (AIR) SCORE
PARAMETERS SCORE
VOMITING 1
PAIN IN RLQ 1
REBOUND TENDERNESS
MILD
MODERATE
STRONG
1
2
3
TEMPERATURE > 38.5 C 1
PMN LEUCOCYTES
70 -84%
>/=  85%
1
2
WBC COUNT
10 – 14.9 x 109/L
>/= 15 x 109/L
1
2
CRP CONCENTRATION
10 – 49 g/L
>/= 50 g/L
1
2
TOTAL 12
INFERENCE
9 – 12 – High probability
5 – 8 – Indeterminate group
0 - 4 – Low probability
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NEW ADULT APPENDICITIS SCORE
SYMPTOMS AND FINDINGS SCORE
Pain in RLQ 2
Pain Relocation 2
RLQ Tenderness 3/1*
Guarding
Mild
Moderate or severe
2
4
LABORATORY TESTS
BLOOD LEUKOCYTE COUNTS (x103 )
>= 7.2 and < 10.9
>= 10.9 and < 14.0
>= 14.0
1
2
3
PROPORTION OF NEUTROPHILS (%)
>= 62 and < 75
>= 75 and <83
>= 83
2
3
4
CRP (mg/l), symptoms <24 hr
>= 4 and < 11
>= 11 and < 25
>= 25 and <83
>= 83
2
3
4
1
CRP (mg/l), symptoms >24 hr
>= 12 and <53
>= 53 and <152
>= 152
2
2
1
*Men and women age 50+/women, age 16–49.
Score 16 or higher = higher likelihood of appendicitis.
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MANAGEMENT:
The traditional treatment for acute appendicitis is appendicectomy. While
this remains standard teaching, there is an emerging body of literature to support
a trial of conservative management in those thought not to have obstructive
appendicitis.
Fig 10. Treatment algorithm for acute appendicitis
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Treatment is bowel rest and intravenous antibiotics, usually metranidazole
and third-generation cephalosporin. The available data indicate successful
outcomes in 80–90 per cent of patients, however there is an approximately 15 per
cent recurrence rate within one year. This approach should be considered in
patients with high operative risk (multiple comorbidities). As with conservative
treatment of an appendix mass, patients over the age of 40 should be followed up
to ensure there is no underlying malignancy.
With regard to appendicectomy, there is a perception that emergency, often
out of hours, operation is essential to prevent the increased morbidity and
mortality of peritonitis. While there should be no unnecessary delay, all patients,
particularly those most at risk of serious morbidity, benefit by a short period of
intensive preoperative preparation. Intravenous fluids, sufficient to establish
adequate urine output (catheterisation is needed only in the very ill), and
appropriate antibiotics should be given. There is ample evidence that in the
absence of purulent peritonitis, a single preoperative dose of antibiotics reduces
the incidence of postoperative wound infection.
When peritonitis is suspected, therapeutic intravenous antibiotics to cover
Gram negative bacilli, as well as anaerobic cocci, should be given. Hyperpyrexia
in children should be treated with salicylates in addition to antibiotics and
intravenous fluids. With appropriate use of intravenous fluids and parenteral
antibiotics, a policy of deferring appendicectomy after midnight to the first case
61
on the following morning does not increase morbidity. However, when acute
obstructive appendicitis is recognised, operation should not be deferred longer
than it takes to optimise the patient’s condition.
UNCOMPLICATED APPENDICITIS
OPERATIVE VERSUS NONOPERATIVE MANAGEMENT
Surgical treatment has been the standard of treatment since McBurney
reported his experiences. The concept of nonoperative treatment for
uncomplicated appendicitis developed from two lines of observations.
First, for patients in an environment where surgical treatment is not
available (e.g., submarines, expeditions in remote areas), treatment with
antibiotics alone was noted to be effective.
Second, many patients with signs and symptoms consistent with
appendicitis who did not pursue medical treatment would occasionally have
spontaneous resolution of their illness.
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A handful of observational studies and controlled trials have reported the
outcomes of nonoperative versus operative treatment of presumed uncomplicated
appendicitis. Overall, there is a reported 9% short-term (<30 days) failure rate
with nonoperative management of appendicitis (13% if evaluated per protocol).
In patients in whom nonoperative treatment fails, nearly half of patients have
complicated (perforated or gangrenous) appendicitis. After 1 month, about 1% of
patients in the trials underwent an interval appendectomy, and 13% of patients
who initially were successfully treated with nonoperative measures developed
recurrent appendicitis, with an 18% rate of complicated appendicitis. Follow-up
was not longer than 1 year in any study. In addition, one-third of patients declined
or dropped out from nonoperative management of appendicitis.
In comparison, operative appendectomy demonstrated a relatively low
dropout rate (2%), lower proportion of complicated appendicitis (25%), small
proportion of a normal appendix (5%), and low rates of superficial surgical site
infection (3.7%) and intra-abdominal abscess (1.3%). The results in these studies
must viewed with caution due to unclear selection of patients, incomplete
diagnostic workup in the nonoperated patients, unclear gold standard for the
operated patients, and high rates of crossover between the treatment arms. The
consequences in terms of use of hospital beds, length of hospital stay, morbidity
of delayed surgical treatment after failed nonsurgical treatment, delayed diagnosis
for patients with an underlying cancer in the appendix or cecum, and risk of
increased antibiotic resistance need to be further investigated. Thus, operative
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treatment of presumed uncomplicated appendicitis still remains the standard of
care.
Certain subgroups with uncomplicated appendicitis may do well with
nonoperative therapy. Patients pursuing nonoperative management should be
carefully counseled regarding the risks of treatment failure and recurrent
appendicitis.
URGENT VERSUS EMERGENT APPENDECTOMY
Traditionally, appendicitis has been considered a surgical emergency. Once
diagnosed, a patient was emergently taken to the operating room for surgical
treatment. However, delays in diagnosis, lack of access to available operating
suites, and nonoperative management of appendicitis have challenged the notion
that uncomplicated appendicitis is a surgical emergency.
Three retrospective studies have evaluated the role of emergent or urgent
surgery for uncomplicated appendicitis; the emergent group had a time from
presentation to the operating room of <12 hours, whereas the urgent group had a
time from presentation to the operating room of 12 to 24 hours. There was no
statistically significant increase in the number of complicated appendicitis cases
in the urgent group when compared to the emergent group. Similarly, rates of
surgical site infection, intra-abdominal abscesses, conversion to an open
procedure, or operative time showed no difference between the two groups. While
length of stay was longer for the urgent group, it was not statistically or clinically
different from the emergent group.
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Important caveats in consideration of urgent as opposed to emergent
surgical care include the patient’s clinical examination, time of presentation from
onset of symptoms, and duration of “delay” in surgery. Patients with clinical signs
of perforation, patients with delayed presentation of greater than 48 hours from
onset of symptoms, and patients whose definitive therapy may be delayed for
more than 12 hours were beyond the scope of these studies.
Emergent versus urgent operation for uncomplicated Appendicitis is
dependent on each institution and surgeon. Institutions without readily available
operating rooms and staff may consider performing appendectomy in an urgent
fashion as opposed to emergently.
COMPLICATED APPENDICITIS
Complicated appendicitis typically refers to perforated appendicitis
commonly associated with an abscess or phlegmon. The yearly incidence rate of
perforated appendicitis is about 2 per 10,000 persons and has remarkable little
variance over time, geographic region, and age. The proportion of perforated
appendicitis, commonly around 25%, is often used as an indicator of quality of
care. Differences in this proportion are almost entirely related to differences in
the incidence of nonperforated appendicitis. A low proportion of perforations may
therefore be the consequence of a higher rate of detection and treatment of early
or resolving appendicitis.
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Children less than 5 years of age and patients more than 65 years of age
have the highest rates of perforation (45% and 51%, respectively). The proportion
of perforation increases with increasing duration of symptoms. There is, however,
no association of in-hospital delay with perforation. This suggests that most
perforations occur early, before the patient arrives to hospital. It has also been
proposed that the increasing proportion of perforations with time is explained by
selection due to spontaneous resolution of noncomplicated appendicitis.
Perforated appendicitis has been suggested to increase the risk of female
infertility due to impaired tubal function, but this has not been shown in
epidemiologic studies.
Rupture should be suspected in the presence of generalized peritonitis and
a strong inflammatory response. In many cases, rupture is contained and patients
display localized peritonitis. In 2% to 6% of cases, a palpable mass is detected on
physical examination. This could represent a phlegmon, which consists of matted
loops of bowel adherent to the adjacent inflamed appendix or a periappendiceal
abscess. Patients who present with a mass have experienced symptoms for a
longer duration, usually 5 to 7 days. Distinguishing acute, uncomplicated
appendicitis from acute appendicitis with perforation based on clinical findings is
often difficult, but it is important to make the distinction because the treatments
may differ. CT scan may be beneficial in establishing a diagnosis and guiding
therapy.
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OPERATIVE VERSUS NONOPERATIVE MANAGEMENT:
Patients who present with signs of sepsis and generalized peritonitis should
be taken to the operating room immediately with concurrent resuscitation. The
surgical approach is based on the surgeon’s level of comfort; however, open
appendectomy through a lower midline incision may be necessary to treat these
complicated cases.
In patients with complicated appendicits and a contained abscess or
phlegmon but limited peritonitis (focal right lower quadrant pain), the treatment
options become more complicated. Often, these patients will require a
challenging procedure with a high risk for development of a postoperative intra-
abdominal abscess. Options include operative management versus conservative
management (antibiotics, bowel rest, fluids, and possible percutaneous drainage).
There have been no prospective randomized controlled studies comparing
operative versus conservative management of complicated appendicitis in adults;
all studies have been retrospective cohort studies. Two meta-analyses have been
performed.
In Andersson and Petzold’s 2007 analysis of 61 studies evaluating this
issue, they noted that initial nonoperative management had superior outcomes.
Nonoperative management included intravenous fluids, minimizing
gastrointestinal stimulation, parenteral antibiotics, and percutaneous drainage
where deemed appropriate. The morbidity of immediate operative treatment was
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36.5%, whereas the morbidity of conservative management was 11%. Of patients
undergoing conservative treatment, 7.6% failed conservative treatment and
underwent operative management. This subgroup had an overall complication
rate of 13.5%. The recurrence rate was 7.4%, which does not necessitate interval
appendectomy. The authors concluded that conservative treatment was favored
over early operation in complicated appendicitis.
Simillis and colleagues performed a meta-analysis of 17 studies. They
noted that conservative treatment was associated with fewer overall
complications (odds ratio, 0.24; 95% confidence interval [CI], 0.13 to 0.44), intra-
abdominal abscesses (odds ratio, 0.19; 95% CI, 0.07 to 0.58), bowel obstructions
(odds ratio, 0.35; 95% CI, 0.17 to 0.71), and reoperations (odds ratio, 0.17; 95%
CI, 0.04 to 0.75).71 The authors concluded that conservative treatment was
favored over early operation in complicated appendicitis.
In the pediatric literature, there have been two prospective randomized
controlled trials demonstrating that early operative intervention had equivalent or
superior outcomes to conservative management, but these studies included
interval appendectomy for all patients in their calculations. St. Peter and
colleagues72 demonstrated that 20% of patients failed conservative treatment.
Early surgical intervention had equivalent results to interval appendectomy.
Alternatively, Blakely and colleagues noted that interval appendectomy,
versus early appendectomy, had a higher incidence of adverse events (50% vs.
30%, P = .003), intra-abdominal abscesses (37% vs. 19%, P = .02), small bowel
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obstruction (10.4% vs. 0%, P = .01), and readmissions (31% vs. 8%, P = .06). In
addition, Blakely and colleagues noted that 9% of the group treated
conservatively developed recurrent appendicitis. The authors concluded that
immediate surgical treatment was superior to conservative treatment with interval
appendectomy.
INTERVAL APPENDECTOMY FOLLOWING NONOPERATIVE
MANAGEMENT OF COMPLICATED APPENDICITIS
Interval appendectomy is defined as performing an appendectomy
following initial successful nonoperative management in patients with no further
symptoms. The major argument against interval appendectomy is that many
patients treated conservatively never develop manifestations of appendicitis, and
those who do generally can be treated without additional morbidity. The major
argument for interval appendectomy is to prevent future attacks of appendicitis
or to identify other disease, such as appendiceal malignancy. There has only been
one small prospective randomized controlled trial (n = 40) investigating this
subject.
The literature is largely populated with small case series and retrospective
cohort studies; there is no meta-analysis evaluating the subject. Of the 1434
patients who had presumed complicated appendicitis and were successfully
treated conservatively, 8.8% developed recurrent appendicitis with a median
follow-up of 35 months. The incidence of complicated appendicitis following
recurrence was low (2.4%). Malignancy was noted in 1.3% of cases where
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pathology was reported. Many of the patients were excluded from these studies
due to persistent symptoms, persistent infections, or note of malignancy on
screening colonoscopy.
Alternatively, of the 344 patients who had presumed complicated
appendicitis, were successfully treated conservatively, and subsequently
underwent interval appendectomy, surgical complications occurred in 9.4% of the
patients. Most patients underwent interval appendectomy 2 to 4 months after their
acute presentation. Although operative and pathologic details were not uniformly
reported in these patients, many continued to have evidence of appendicitis or
abscess at the time of interval appendectomy; 3.6% of patients had malignancy in
cases where pathology was reported.
The role of interval appendectomy following successful management of
conservative treatment of complicated appendicitis is unclear. Close clinical
follow-up, a complete history searching for persistent symptoms, and screening
colonoscopy (when age appropriate) should all be used to help guide the
discussion with the patient on the role of interval appendectomy following
conservative management of complicated appendicitis.
THE NORMAL-APPEARING APPENDIX AT OPERATION
In cases of  “negative appendectomy,” in which a normal appendix is
identified at operation, there is controversy as to whether the appendix should be
removed. Before that particular issue is examined, it is important to emphasize
the need to thoroughly evaluate the abdomen for other causes of pain severe
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enough to warrant an operation. The abdominal and pelvic organs should be
assessed for any abnormalities. In our experience, this is most easily done through
the laparoscopic approach, which we think is a major advantage of laparoscopy
over an open approach.
Note should be made for  any free fluid as it may suggest perforation. The
terminal 60 cm of ileum should be examined for a Meckel’s diverticulum and the
serosa of the small bowel for any stigmata of Crohn’s disease, such as
inflammation, stricture formation, or the characteristic “creeping fat” appearance
of the mesentery. Inspection of the ileal mesentery may reveal enlarged lymph
nodes suggestive of mesenteric adenitis. The uterine adnexa should be examined
for any evidence of tubo-ovarian or salpingeal disease, such as ovarian torsion,
tubo-ovarian abscess, endometriosis, or ruptured ovarian cysts. The sigmoid
colon should be examined for evidence of acute diverticulitis, especially in cases
in which a redundant sigmoid colon is found in the right lower quadrant.
If these are all normal, attention should be turned to the upper abdomen for
examination of the gallbladder and duodenum. Inability to perform an adequate
evaluation of the intraabdominal organs or demonstration of disease of other
organs requiring intervention may require conversion to a midline laparotomy if
necessary.
We routinely remove the normal appendix for several reasons. First, many
causes of right lower quadrant pain discussed before may be recurrent, such as
pain from ruptured ovarian cysts or mesenteric adenitis. Appendectomy is also
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advisable in cases of Crohn’s disease when suggested by findings at operation,
unless the base of the appendix and cecum are involved. In this scenario,
appendectomy is deferred to avoid breakdown of the inflamed stump and
subsequent fistula formation. In most cases of normal appearing appendix,
appendectomy is advisable because it removes appendicitis from the differential
diagnosis when the patient presents with recurrent right lower quadrant pain. In
addition, abnormalities of the appendix not apparent on gross inspection at the
time of operation are sometimes identified on pathologic examination.
OPERATIVE INTERVENTION
OPEN APPENDECTOMY
Typically performed with a patient under general anesthesia, the patient is
placed in supine position. The entire abdomen should be prepped and draped in
case a larger incision is needed. For early nonperforated appendicitis, a right
lower quadrant incision at McBurney’s point (one-third of the distance from the
anterior superior iliac spine to the umbilicus) is commonly used. A McBurney
(oblique) or Rocky-Davis (transverse) right lower quadrant muscle splitting
incision is made. If perforated appendicitis is suspected or the diagnosis is in
doubt, a lower midline laparotomy can be considered. Although it has been
reported that the position of the base of the appendix can change with pregnancy,
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prospective studies have demonstrated that pregnancy does not change the
proportion of patients with the appendiceal base within 2 cm of McBurney’s
point.
Following entry into the abdomen, the patient should be placed in slight
Trendelenburg position with rotation of the bed to the patient’s left. If the
appendix is not easily identified, the cecum should be located. Tracing the taenia
libera (anterior taenia), the most visible of the three taeniae coli, distally, the base
of the appendix can be identified. The appendix will often have attachments to
the lateral wall or pelvis that can be dissected free. Dividing the mesentery of the
appendix first will often allow improved exposure of the base of the appendix.
Fig 11. A. Grid iron incision; B. Lanz incision
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The appendiceal stump can be managed by simple ligation or by ligation
and inversion. As long as the stump is clearly visible and the base of the cecum
is not involved with the inflammatory process, the stump can be safely ligated.
Obliteration of the mucosa with electrocautery with the intention to obviate the
development of a mucocele is recommended by some surgeons; however, no data
have evaluated the risk or benefit of this surgical maneuver. Inversion of the
stump with plication of the cecum has also been described. Placement of surgical
drains for both uncomplicated and complicated appendicitis, practiced by many
Fig 12. Ligation of Mesoappendix
74
surgeons, has not been supported in clinical trials. Pus in the abdomen should be
aspirated, but irrigation in complicated appendicitis is not recommended. The
skin can also be closed primarily in patients with perforated appendicitis.
If appendicitis is not found, a methodical search must be made for an
alternative diagnosis. The cecum and mesentery should be inspected. The small
bowel should be evaluated in a retrograde fashion beginning at the ileocecal
valve. Concerns for Crohn’s disease or Meckel’s diverticulum should be of
priority. In female patients, the reproductive organs should be closely inspected.
If purulent or bilious fluid is encountered, it is imperative that the source be
identified. For example, Valentino’s appendicitis, or a perforated duodenal ulcer
presenting as appendicitis, should be excluded in such cases. A medial extension
of the incision (Fowler-Weir) or superior extension of the lateral incision is
Fig 13. Steps of
appendicectomy
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appropriate if further evaluation of the lower abdomen or right colon is warranted.
Selective laparoscopy through a right lower quadrant incision has also been
described. If upper abdominal pathology is encountered, a midline incision should
be made.
LAPAROSCOPIC APPENDECTOMY
The first reported laparoscopic appendectomy was performed in 1983 by
Semm; however, the laparoscopic approach did not come into widespread use
until much later, following the success of laparoscopic cholecystectomy. This
may be due to the small incision already commonly used with open
appendectomy.
Laparoscopic appendectomy is performed under general anesthesia. An
oro- or nasogastric tube and urinary catheter are placed. The patient should be
placed supine with his or her left arm tucked and securely strapped to the
operating table. Both surgeon and assistant should be standing on the patient’s
left facing the appendix. The laparoscopic screens should be positioned on the
patient’s right or at the foot of the bed. Standard laparoscopic appendectomy
typically uses three ports. Typically, a 10- or 12-mm port is placed at the
umbilicus, whereas two 5-mm ports are placed suprapubic and in the left lower
quadrant. The patient should be placed in Trendelenburg and tilted to the left.
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The appendix should be identified similarly as in open surgery by tracking
the taenia libera/coli to the appendiceal base. Through the suprapubic port, the
appendix should be grasped securely and elevated to the 10 o’clock position. An
“appendiceal critical view” should be obtained where the taenia libera is at the 3
o’clock position, the terminal ileum at the 6 o’clock position, and the retracted
appendix at the 10 o’clock position to allow proper identification of the base of
the appendix. Through the infraumbilical port, the mesentery should be gently
dissected from the base of the appendix and a window created. Typically the base
of the appendix is stapled, followed by stapling of the mesentery. Alternatively,
Fig 14. Position and ports for lap appendicectomy
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the mesentery may be divided by an energy device or clipped and the base of the
appendix secured with an Endoloop. The stump should be carefully examined to
ensure hemostasis, complete transection, and ensure that no stump is left behind.
The appendix is removed through the infraumbilical trocar in a retrieval bag.
Fig 15. Steps of lap appendicectomy
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METHODOLOGY
MATERIALS:
Study Centre : Institute of General Surgery, Madras Medical College and Rajiv
Gandhi Government General Hospital
Type of Study: Prospective Study
Study Duration : January 2016 to August 2016
Sample size: 100 patients
SUBJECT SELECTION:
INCLUSION CRITERIA:
1. All patients admitted with right iliac fossa pain with high suspicion of acute
appendicitis.
EXCLUSION CRITERIA:
1. Patients <13 yrs of age.
2. Patients with appendicular lump/generalised peritonitis.
3. Patients with normal appearing appendix and an alternative diagnosis during
operation.
4. Patients with previous history of urolithiasis, PID.
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METHODS :
This is a prospective and observational study. Patients admitted in Rajiv
Gandhi Government General Hospital with the right iliac fossa pain suspicious of
acute appendicitis are included in the study. Detailed clinical history is taken and
physical examination is done for each patient. All patients underwent laboratory
investigations such as complete blood count, blood urea, serum creatinine and
electrolytes, urine routine, C-reactive protein and imaging tests like Chest X ray,
Abdomen X ray erect, Ultrasound abdomen and pelvis. Using the above data, the
probability of acute appendicitis is calculated using the Alvarado, Tzanaki,
RIPASA and AIR scores as mentioned in the literature.
Patients will be taken up for emergency/elective appendicectomy based on
the surgeon’s clinical judgement. The intraoperative findings will be noted.
Intraoperatively normal appearing appendix and presence of other diagnosis will
be excluded from the study. Following surgery,the histopathological reports of
the patients will be collected. The various preoperative scores and the HPE reports
will be correlated to calculate the Sensitivity, Specificity, PPV, NPV, diagnostic
accuracy and negative appendicectomy rates. This will prove the validity of
scoring systems in the diagnosis of acute appendicitis and provides the most
reliable system applicable in South Indian population.
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DATA ANALYSIS & RESULTS
Results carried out using IBM-SPSS statistical software version 19.0
DISTRIBUTION OF AGE
Statistics
AGE
N Valid 100
Missing 0
Mean 28.30
Median 26.00
In our study, out of 100 patients, majority of the patients belong to the
age groups 20 – 30, with a mean age of about 28 years.
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SEX DISTRIBUTION
SEX
Frequency Percent Valid Percent Cumulative Percent
Valid MALE 43 43.0 43.0 43.0
FEMALE 57 57.0 57.0 100.0
Total 100 100.0 100.0
In our study, females are more affected with appendicitis with a sex ratio
of 1.1 : 1
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ALVARADO SCORE
ALVARADO SCORE
Frequency Percent Valid Percent Cumulative Percent
Valid 4 8 8.0 8.0 8.0
5 6 6.0 6.0 14.0
6 6 6.0 6.0 20.0
7 12 12.0 12.0 32.0
8 20 20.0 20.0 52.0
9 28 28.0 28.0 80.0
10 20 20.0 20.0 100.0
Total 100 100.0 100.0
In our study, majority found to have scores 7 or above with a median
score of 8.
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TZANAKI SCORE
TZANAKI SCORE
Frequency Percent Valid Percent Cumulative Percent
Valid 6 4 4.0 4.0 4.0
9 6 6.0 6.0 10.0
10 30 30.0 30.0 40.0
12 40 40.0 40.0 80.0
16 20 20.0 20.0 100.0
Total 100 100.0 100.0
In our study, majority of the patients found to have scores 10 or above
with a median score of 12.
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RIPASA SCORE
RIPASA SCORE
Frequency Percent Valid Percent Cumulative Percent
Valid 4.0 6 6.0 6.0 6.0
4.5 1 1.0 1.0 7.0
6.0 6 6.0 6.0 13.0
8.5 20 20.0 20.0 33.0
9.5 19 19.0 19.0 52.0
11.0 12 12.0 12.0 64.0
13.0 12 12.0 12.0 76.0
14.5 12 12.0 12.0 88.0
15.5 4 4.0 4.0 92.0
16.0 8 8.0 8.0 100.0
Total 100 100.0 100.0
In our study, majority of the patients have scores 8.5 and above with a
median score of 9.5.
85
AIR SCORE:
AIR SCORE
Frequency Percent Valid Percent Cumulative Percent
Valid 4 2 2.0 2.0 2.0
6 4 4.0 4.0 6.0
7 8 8.0 8.0 14.0
8 10 10.0 10.0 24.0
9 20 20.0 20.0 44.0
10 18 18.0 18.0 62.0
11 30 30.0 30.0 92.0
12 8 8.0 8.0 100.0
Total 100 100.0 100.0
In our study, majority of the patients found to have scores 9 and above
and a median score of 10.
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USG FINDINGS
USG
Frequency Percent Valid Percent Cumulative Percent
Valid N 15 15.0 15.0 15.0
Y 85 85.0 85.0 100.0
Total 100 100.0 100.0
In our study of 100 patients, features of appendicitis are not seen in only
15 patients.
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INTRA OPERATIVE FINDINGS:
INTRAOP
Frequency Percent Valid Percent Cumulative Percent
Valid N 17 17.0 17.0 17.0
Y 83 83.0 83.0 100.0
Total 100 100.0 100.0
In our study of 100 patients who underwent emergency appendicectomy,
normally appearing appendix was found in 17 patients.
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VALIDATION OF ALVARADO SCORE:
ALVARADO * INTRAOP FINDINGS Crosstabulation
ALVARADO
SCORES
INTRAOP FINDINGS
TotalNORMAL APPENDIX ACUTE APPENDIX
4 8 0 8
5 4 2 6
6 2 4 6
7 0 12 12
8 3 17 20
9 0 28 28
10 0 20 20
Total 17 83 100
From literature review, Patients with Alvarado scores 7 and more have
high probability of having acute appendicitis.
SCORE / DISEASE ACUTE APPENDIX NORMAL APPENDIX
SCORE 7 AND ABOVE 77 3
SCORE < 7 6 14
SENSITIVITY = 77 / 77 + 6 = 84.61 %
SPECIFICITY = 14 / 3 + 14 = 82.35 %
POSITIVE PREDICTIVE VALUE = 77 / 77 + 3 = 96.25 %
NEGATIVE PREDICTIVE VALUE = 14 / 14 + 6 = 70 %
Because of High PPV, the Alvarado score will have low false positivity
rate and hence can be taken for emergency surgery based on it. However, it has
low NPV, stating lower scores cannot rule out appendicitis.
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VALIDATION OF TZANAKI SCORE:
TZANAKI * INTRAOP FINDING Crosstabulation
TZANAKI
SCORE
INTRAOP FINDINGS
TotalNORMAL APPENDIX ACUTE APPENDIX
6 4 0 4
9 6 0 6
10 4 26 30
12 3 37 40
16 0 20 20
Total 17 83 100
From literature view, patients with Tzanaki scores of 8 and above are
considered to have acute appendicitis and taken for surgery.
SCORE / DISEASE ACUTE APPENDIX NORMAL APPENDIX
SCORE 8 AND ABOVE 83 13
SCORE < 8 0 4
SENSITIVITY = 83 / 83 + 0 = 100 %
SPECIFICITY = 4 / 4 + 13 = 23.5 %
POSITIVE PREDICTIVE VALUE = 83 / 83 + 13 = 86.45 %
NEGATIVE PREDICTIVE VALUE = 4 / 4 + 0 = 100%
Because of High NPV, i.e., 100%, patients with score less than 8 can be
ruled out of having acute appendicitis from our study. It is the test which has
100% sensitivity, that it cannot miss any appendicitis.
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VALIDATION OF RIPASA SCORE:
RIPASA * INTRAOP FINDINGS Crosstabulation
RIPASA SCORE
INTRAOP FINDINGS
TotalNORMAL APPENDIX ACUTE APPENDIX
4.0 6 0 6
4.5 1 0 1
6.0 4 2 6
8.5 2 18 20
9.5 0 19 19
11.0 0 12 12
13.0 1 11 12
14.5 2 10 12
15.5 0 4 4
16.0 1 7 8
Total 17 83 100
From literature view, patients with RIPASA scores 7.5 and above have
high probability of acute appendicitis.
SCORE / DISEASE ACUTE APPENDIX NORMAL APPENDIX
SCORE 7.5 AND ABOVE 81 6
SCORE < 7.5 2 11
SENSITIVITY = 81 / 81 + 2 = 97.5 %
SPECIFICITY = 11 / 11 + 6 = 64.7 %
POSITIVE PREDICTIVE VALUE = 81 / 81 + 6 = 93.1 %
NEGATIVE PREDICTIVE VALUE = 11 / 11 + 2 = 84.6 %
Because of its better sensitivity and PPV, this score is very beneficial in
evaluating patients with appendicitis and it includes age and sex.
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VALIDATION OF AIR SCORE
AIR * INTRAOP FINDINGS Crosstabulation
AIR SCORE
INTRAOP FINDINGS
TotalNORMAL APPENDIX ACUTE APPENDIX
4 2 0 2
6 4 0 4
7 3 5 8
8 5 5 10
9 3 17 20
10 0 18 18
11 0 30 30
12 0 8 8
Total 17 83 100
From literature review, patients with Appendicitis Inflammatory
Response Scores 9 and above have high probability of having acute
appendicitis.
SCORE / DISEASE ACUTE APPENDIX NORMAL APPENDIX
SCORE 9 AND ABOVE 73 3
SCORE < 9 10 14
SENSITIVITY = 73 / 73 + 10 = 87.9 %
SPECIFICITY = 14 / 14 + 3 = 82.35 %
POSITIVE PREDICTIVE VALUE = 73 / 73 + 3 = 96.05 %
NEGATIVE PREDICTIVE VALUE = 14 / 14 + 10 = 58.33 %
Because of very high PPV, the AIR score will have low false positivity
rate and it has very low NPV than Alvarado, which defines it is not beneficial.
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DISCUSSION
In this study carried out in Rajiv Gandhi Government General Hospital,
patients who are having right iliac fossa pain and have suspicion of acute
appendicitis and taken for emergency appendicectomy are included. The sample
size is about 100 patients.
Majority of the patients belong to the age groups 20 – 30 years, with a
median age of about 28 years and there is a slight female predominance with a
sex ratio of 1.1 : 1.
With regard to scores, Alvarado scores are found to be more than 7 in
majority of the patients and has a sensitivity 84.61%, specificity 82.35%, positive
predictive value 96.25%, negative predictive value 70%. Since it has high PPV,
scores 7 and above are considered high likely to have acute appendicitis as it has
low false positivity rate. Likewise, because of its low NPV, scores lower than 7
cannot exclude the diagnosis of acute appendicitis.
Tzanaki score utilizes Ultrasonography finding suggestive of acute
appendicitis as a parameter. The sensitivity of detecting acute appendicitis with
scores 8 or above is 100%, specificity 23.5%, Positive predictive value 86.45%
and negative predictive value of about 100%. Since this scoring system has high
NPV rate, scores less than 8 ultimately excludes the diagnosis of acute
appendicitis and because of its 100% sensitivity, it cannot miss the diagnosis of
acute appendicitis when scores are 8 and above.
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RIPASA scoring system utilizes age and sex are a part of the evaluation
and it has sensitivity 97.5%, specificity 64.7%, Positive predictive value 93.1%
and negative predictive value of 84.6%. This scoring system has both high
sensitivity and PPV, it can be used widely but the major limitation being a lengthy
and tougher score to analyse.
AIR (Appendicitis Inflammatory Response) score uses C-Reactive Protein
as a parameter and it is a new scoring system found to be better than Alvarado
score. But in our study, the sensitivity is 87.9%, specificity 82.35%, positive
predictive value 96.05% and negative predictive value of only 58.33%. Because
of very high PPV, the AIR score will have low false positivity rate and it has very
low NPV than Alvarado, which defines it is not beneficial.
Out of 100 patients underwent appendicectomies, only in 17 patients the
appendix is not inflamed and out of 17, only 4 specimens are found to be without
any evidence of inflammation and the rest 13 specimens are found to have
features suggestive of chronic appendicitis.
Hence, the negative appendicectomy rate with the use of various clinical
scoring systems is about 4%.
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CONCLUSION:
1. From the study on validation of diagnostic accuracy of scoring systems for
acute appendicitis, the scoring system which has high positive predictive
value and high negative predictive value is considered best to diagnose as
well as to rule out acute appendicitis based on the clinical scoring system.
2. It is Alvarado score which is still considered best in term of statistical
equivalents and it is better than Appendicitis Inflammatory Response Score.
3. Tzanaki Score is the best easy to use score in emergency situations and low
scores almost excludes acute appendicitis.
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PROFORMA
PATIENT DETAILS:
NAME AGE SEX IP NO
ON ADMISSION:
HISTORY
Main Complaints?
Duration of complaints?
H/O nausea,vomiting,anorexia ?
Other Past or drug H/O or Co-morbid
illness?
CLINICAL EXAMINATION:
Pulse
BP
Temperature
Respiratory rate
General examination
CVS RS CNS
P/A
98
INVESTIGATIONS :
WBC Urea
Creatinine
LFT
CRP Urine routine HIV
HbsAg
Anti – HCV
Blood group
ECG
CXR-PA view
Xray abdomen
USG Abdomen
ALVARADO SCORE:
TZANAKIS SCORE:
RIPASA SCORE:
AIR SCORE:
INTRA-OP FINDINGS POST-OP HPE
MASTER CHART
SL.NO NAME AGE SEX ALVA-
RADO
TZANAKI RIPASA AIR SCORE USG FINDING
POSITIVE/NEGATIVE
INTRA OP DIAGNOSIS HPE DIAGNOSIS
1 JAYAVEL 44 Male 9 12 16 11 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
2 KARPAGAM 35 Female 7 10 13 8 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
3 GNANASEKAR 34 Male 5 10 6 7 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
4 SUMATHI 46 Female 9 12 14.5 11 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
5 VANITHA 26 Female 9 12 8.5 10 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
6 DHANASEKAR 42 Male 5 10 13 7 NEGATIVE ACUTE APPENDIX ACUTE APPENDICITIS
7 JAYASHREE 32 Female 8 12 8.5 9 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
8 VINOTH 26 Male 9 12 8.5 11 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
9 MUTHU 27 Male 8 12 8.5 9 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
10 NITHYA 20 Female 9 12 9.5 11 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
11 MURUGESAN 22 Male 4 9 4 4 NEGATIVE NORMAL CHRONIC APPENDICITIS
12 DIWAKAR 25 Male 8 12 8.5 9 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
13 ESAKI 40 Female 7 10 14.5 9 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
14 JAYASHEELA 23 Female 9 12 8.5 11 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
15 PREMA 43 Female 7 10 13 8 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
16 SHANTHI 25 Female 10 16 11 12 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
17 SHANKAR 56 Male 7 10 16 9 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
18 DHINAKARAN 35 Male 4 9 4 7 NEGATIVE NORMAL CHRONIC APPENDICITIS
19 MURUGAN 34 Male 8 12 8.5 9 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
20 MALATHY 36 Female 4 6 4 7 NEGATIVE NORMAL CHRONIC APPENDICITIS
21 VALLIYAMAL 38 Female 7 10 13 9 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
22 SHAMILI 14 Female 10 16 11 12 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
23 VALLI 16 Female 10 16 11 12 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
24 MALATHI 18 Female 9 12 9.5 11 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
25 RANI 23 Female 8 12 8.5 10 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
26 LAKSHMANAN 57 Male 7 10 16 9 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
27 VELMURUGAN 36 Male 5 10 6 8 NEGATIVE NORMAL CHRONIC APPENDICITIS
28 MURUGAN 49 Male 4 6 4 7 NEGATIVE NORMAL CHRONIC APPENDICITIS
29 LATHA 46 Female 5 10 14.5 8 POSITIVE NORMAL CHRONIC APPENDICITIS
30 VARADARAJAN 50 Male 4 9 4 6 NEGATIVE NORMAL CHRONIC APPENDICITIS
31 BHARATHI 37 Female 7 10 14.5 9 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
32 SELVARAJ 23 Male 9 16 9.5 11 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
33 KRISHNAVENI 34 Female 10 16 14.5 11 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
34 PRABHU 25 Male 9 16 13 11 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
35 ASHWINI 15 Female 10 16 11 12 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
36 VICKY 17 Male 9 12 9.5 11 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
37 SATYA 18 Male 10 16 11 12 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
38 PAULRAJ 19 Male 9 12 13 10 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
39 MUTHAMIZH 22 Female 10 12 8.5 11 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
40 MANIMEGALAI 20 Female 8 12 8.5 9 NEGATIVE NORMAL CHRONIC APPENDICITIS
41 SELVI 21 Female 9 12 9.5 11 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
42 VINOTH 14 Male 10 16 11 11 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
43 MANI 19 Male 8 10 8.5 9 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
44 GOKUL 29 Male 7 10 13 9 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
45 KUMAR 30 Male 8 12 8.5 9 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
46 MALLIGA 32 Female 9 16 14.5 11 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
47 SANDHIYA 21 Female 10 16 8.5 12 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
48 SHANMUGAPRIYA 26 Female 8 10 8.5 9 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
49 SURENDHAR 30 Male 8 12 15.5 10 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
50 VIJAYALAKSHMI 33 Female 7 10 8.5 8 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
51 KANNI 42 Female 8 12 14.5 9 POSITIVE NORMAL CHRONIC APPENDICITIS
52 PONNU 33 Female 4 9 13 6 NEGATIVE NORMAL CHRONIC APPENDICITIS
53 THANGAM 42 Female 7 10 16 9 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
54 SAMVEL 14 Male 10 16 11 12 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
55 VALLI 24 Female 9 16 9.5 11 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
56 PADMAVATHY 32 Female 5 10 6 8 NEGATIVE NORMAL CHRONIC APPENDICITIS
57 KUPPU 52 Female 4 6 16 6 NEGATIVE NORMAL CHRONIC APPENDICITIS
58 SHINDU 22 Female 8 12 8.5 10 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
59 PRAVEEN 23 Male 8 12 8.5 9 NEGATIVE NORMAL CHRONIC APPENDICITIS
60 NAGRAJ 25 Male 6 9 6 8 NEGATIVE NORMAL CHRONIC APPENDICITIS
61 PAVITHRA 27 Female 9 12 13 11 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
62 GAYATHRI 15 Female 10 16 11 12 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
63 CHANDRAN 17 Male 10 16 11 11 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
64 ARIF AHMED 29 Male 9 16 9.5 11 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
65 SENTHAMARAI 48 Female 8 10 14.5 10 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
66 UMADEVI 32 Female 4 6 4 4 NEGATIVE NORMAL CHRONIC APPENDICITIS
67 VIMALA 33 Female 10 16 15.5 11 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
68 PREMA 32 Female 5 9 4.5 6 NEGATIVE NORMAL CHRONIC APPENDICITIS
69 DINESH 27 Male 10 16 16 11 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
70 RUBAN 22 Male 9 10 9.5 11 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
71 KISHORE 16 Male 10 12 11 11 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
72 VINODHINI 22 Female 9 12 9.5 11 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
73 SUNDARI 29 Female 8 12 13 10 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
74 MAHALAKSHMI 30 Female 8 10 14.5 9 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
75 SOWMYA 22 Female 9 12 9.5 10 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
76 KASTHURI 51 Female 7 10 16 9 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
77 RUKUMANI 25 Female 9 12 9.5 10 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
78 KARIGALAN 33 Male 6 10 6 8 POSITIVE NORMAL CHRONIC APPENDICITIS
79 KUMAR 31 Male 6 10 13 7 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
80 LAKSHMI 34 Female 6 10 14.5 8 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
81 JANSY 22 Female 9 12 9.5 10 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
82 VIJAY 21 Male 10 16 11 11 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
83 VIGNESH 26 Male 8 10 8.5 10 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
84 KUMARI 29 Female 7 10 6 7 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
85 VENKATESAN 22 Male 9 12 9.5 10 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
86 SHANTHI 21 Female 9 12 9.5 10 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
87 SIVAKUMAR 16 Male 9 12 9.5 10 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
88 KALAIVANI 19 Female 10 16 15.5 11 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
89 DEVI 18 Female 9 12 9.5 11 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
90 PRIYA 21 Female 9 12 8.5 10 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
91 SHANTAKUMARI 22 Female 8 10 8.5 10 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
92 MAHALAKSHMI 20 Female 9 12 9.5 10 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
93 VALLI 32 Female 6 10 14.5 8 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
94 MANI 15 Male 10 12 15.5 11 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
95 RAJESWARI 14 Female 10 12 9.5 11 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
96 THANGAM 16 Female 10 12 11 11 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
97 SRINIVASAN 27 Male 8 10 14.5 10 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
98 MURUGAN 22 Male 9 12 9.5 11 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
99 KANNAN 28 Male 8 12 13 9 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
100 LAKSHMANAN 32 Male 6 10 16 7 POSITIVE ACUTE APPENDIX ACUTE APPENDICITIS
